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FRITZ ENGINEERn~G LABQRATORY
LEHIGH UNIVERSITY
BETHLEHEM, PENNSYlVANIA
"rita E~neer1ng ~atoP'1
trth1&h ·v.:t:n1~.~s1ty S.th1~he~ Penn-fily:lvAi.U'11a
1'8712" 1941
--- .~--~-
U"&RAl. -LOAD T.~~Orl A 'lRtmS I ~Ml C1U;.U
by I. E. lladaetl
'rh1s -l'ep01"t ~l=&s the re8't1l:ta Q~ a Ut-e1"a11ftG
~.:t; made on, -tbe. bl"l4gfJ of a l-m lou~-to-n trussed I~e.llI
~. or 100 .ft,. 1,1 1n,~ .-pan. 'T.h& ,a'tM&$$G and, d_flection.
1». t~c~.ere Ma~ t'oJ'! the-lateRl '.Ilt l.oatl of'
23,,700 lb. De- 'WhOl. t1'tt$aft8 .t0W14 to ."ts1Dt 'the lat:eral
lo.ad. he-onWa:J7 ~t.re.$i:<8 1fel'$ p~aent m tiM tr'U-sa.Tb.e
.~_e. 1n ti.l.ecntle, _~oomp:flte4 by tbrM method_. ana
the e(,.\",!!~jut~d-"1JU1t.a~ .lth the_a3wGd ~lt••
2. ;tlftnannC*lIOIb ott?·~
Straln$1Ugtt Wb1ch, ~v.:.~t. a:eeu$~4) to .'bout -200 lb.
pe.ll ,$4 In. ~,. _r-& _rul~ _ thff g1~tll't"" .u.t!e:$,lJ ad
on •.~"~Qf thEJ; :V~. b1.Qb1Jf titreasJ84 t~s ~~$.
$t,n~. ~·_one ftS _ • .t.,;t' tibt~t:,,; on11 al1~te4 t\..s...
• _.Sbble· t'O'I! the t$fJt a!t4:t.t ~. ~08:81l)t~ t",t••,
tAS ~,~~a8 .000aQQ_.n.:J·'b.d.sl~abl&. ~t(#i.a
$~w1ng ·~tj£.t.he details o£ tM a-1rO!$ran4tb$. 't.»tt.es"
~end1.~Utu!6d 1n 1h.l-d.~~c~tarea'1vt:m Uift€f~ '1'=and 2~
~_1ater4i4.tl~ot1_o£ t"gl:ri$~ _$4.~d
b7 ~&ota ()'.:OOl-ln~ l'gae~: -Cital.whlch _.S'~ .'tbQ' e~
'BllH· '~1:l t.l_d1q.r:lg~.t ~:.~, 8S;ri$)?$ t.g.t~.i !fne:
41tt'•.~.b$twee.n the 1ftt_:tdet1.~tl.onN~t··~.t~l'_«
t»t:t_ .nange$- at the :;\lj~ .a.cU. Qvlti#Jd. by' thfid.1..t~e&
between tbe ~.pobt~$~..~ tn.t:wtat tJf' theg1~~ ~t-. $'&1Zb
"Ot1~.·
''f. 1~ wall: ap:pll.q, 'by' t1~tentng a t.n~lil
t"ft~~to' the· to.pt1~e.fJt:b~_ il1~"$.t t'_~t:$i1ot
tb.G$paa't '~1$1ofil4W$-.~'~ ••\\llbrai;•.,$~:t_
- .
~ s~ra .•Jrieloa4$4 ntb. 1.t$rt!il10a4 ·!i.f'·.,VOO
lb.• ,.pp11~d t:m the to~ nang'S. This _$ the~_paM.~
of .·t1»l_d~ ri8~. &1ncet_ :eapaatty of th$ e~.a-$l'1$
l.~ t._ Q~.bout SQa,OOO Ib.,,,t:_ teat 1~' -.as .•~.~~•.
. ~ . .
val_t to .aia,t&Ml1oa4, ... ~n.l;'eb. t~$,a (J:f$ .pel?' ;e~'tf!J:£" 'the
11"e1.4 e«PQelt7 ottbfte,,-$.,.
1'lS-,'$ ~s' tm 1t.~m1t1:d·lectll."mOrb~tb f~e.
of th$·61~~~t'lthe t~$t, 1ead., w:_c~t'$r' 1~.~
4en&t. t~ ~_tet" 'ofth"" g1~r'~,., ·~d(Jft.~;t;1.tms~'
$1",$1 _ ~Qh$s and ,A"M t~~~d.tleo:t1,(J1!UJ. ,",vUg ·bIr
_&,~1.. 'tlt& ~$ ga'V(i,t_, cr.lll:ed;, ~.n~ct,l.~ ~b&th,
st.~$.'·,
, lJ?__a~edtwl~U~of,~'8~rs '1:$ ahown In P1e-4.,
,~M _&.~$\~a~$::4ue'{;Q ,th$lat.~1rJa4 .~
~~, 'ta F1,So, $,,. 6:,.4 ',.f16:.,5eholftli- t_ .~.Iifi'stl"l'­
~,!,~t¥1.,g '~batO'prb:m8'&ol!t~ :t'o~:$q ~1rd$,i". ' '~., ~~
,lb.8 'Olt·, • ..1<;}h 'th&.$e $t~'$'$~$;.!'$ ~~~a' ~~e l~et;ltet1_
th&top cov.r~l.t6 t~ ~e'he$' .~ 'bb,~te·~11t1.olthe,1 '!'If
beq..ytb1e,~. aimWt'J a .~ ~~.:tr~'$$Q:t the' 'C.~
t$~ of .~, g~J". 'h$la~ 1,~dwa.',l\.ppUedatt~ "&~
C$~":1"anti .taC$ tb1,$ 'tIQ' _t ap~~l~t,lo._tlonj',tMI""
b..,~:!~eweC ··~he l()$dto t:_SEIJ pl)int:~. Xi" 'the tOl1 t1.a~~~
~lie,l$&:.~to ~.~"~ l_d_acOlJlthluoua beg, to
.~ ~.l·polt!b$,J ths ~:t~ 6t~fJJwlUh ~f11GQ& p~ ,$'q
tn.,S~:G~re: 15 :ll '~~tt t'$u1f.m 1n th&3t.11 o£
$1w.m.t ·600 '11) 'P~ .aq.!n;:. 4uet.c t~3$ actlt'$n_ .tb$.~~
'I'~$~~(l,be +.$$)0 1.'b' p~r.q 1l'l. ad~l. 11) ptitr8q 1.n~
'!-m '~'~~ GallD ''''8~ ,-a ~OOlbp$r~.lth, '~diCb
al!"$$~tbt~%f'~~t.he C)~~"i
-----'- - ---~---,---
·'.~. ,~.
Flg.. 6ah.$ tha.~s's 41'fltt4bUtlO11 Q1~i3 .~
bot:~fllmg&<Jf tbfJ :t'~.. :fh9' ,S;~S~~. 'fie"_~
~, tb.$ '~'or tM~~$·.' ~.1.o($l b$nt!~n~ at,t.· '1ota4
JGlnt b.ln'l·11t~.1e $J:Te-ct ~ ·tMbOt.tom. tl~$.ft3d.. .&h~
'th$:t.. ".th$. toP n~e t~a£ftm:c11l1O.t of ·the·loadto t~
p$ll01po1~t~,·..
ln Fig. 7 .~ .ve~@ $~B_ -oJ: th~ top' ·~,b;o't•.
t.om n~&8 o.t tbQ 41roer~~., !"hfl" '4Vtj~~ .tresae$
ar. (L''_a$~ o£ the 1(tli1ti:ca~!"1ilt4~t~ V4.~OU~.~~·.
T.bG ll~e\fiaG$ in t,he ~.tf;_ ,"'$i$ :~q.'Q1t$ :a»lll~;Qtebl~. i.tl
.oU14b$c~lfite1)"n.S1eC'te.d1~nfjU!"4.1~a!:~pNee4111"&:lii.
In thls c~'tl"1rj.•tN&$Oran~MVenot be~. aa ex~
tensl\"!tly .~ tUJ· ll'l~CP$••v~"1~~bth$'m$y'rosult :In
:n8ht~r' .~ ·-on 1ofi8$~$. ~ of' 4111& ·n&~s tOJ1'tt.J;.-.
have be. ~C__,C;6 aM :S~ uve l)~QU.toalaekQt dtt.~
.~ 't:c.~ ,Stlttnes.. an4 .$tre·$e41$~l':1but1;t.m:!,n $l1eh~~$' .•
Tb1s t1l}$t wet. l'I2t14e to 4et0~it~ tb$_~te1"f.e'le._~ t.
~.~ fI.4dril$1 ·~t'$ _ltlJ .~~QD .d$81p....~t:l~'t·
A1thtt~· ~_e1.~'Qn~a-•.~ .,- -.;St~le ~st ~l1ot be:
.$1 -$a.• b.Qsto 'lottg~J!"&J. ·~on~~$lon$.,t;b0f ~S;$~a
~end~hccmal~.. tMm$~~e1'Jt-e '4011~ -~ t:b1$;put:t~~r
. ·cr..· 'bellaVe4 '~$rt~ t~$.t 1Of.t~,. f"1'lQU$ ·dQta·o£ 't1\U$ tY9$
!O~$ Bo.) sa~ l~a$,tJttc& ~; 1t. !;.hl.gh1.ymat',~
te~te, ,~d 'thesWGs$$a can be £~.md r.ml:,~t~~'l~,
tedlQtlS ;~b\tlon$.tnaaMt1.", ~ $t~iOt t~fli C;~.
l*,acompl:~teI,~ala~ir4e~'.dl.lt.t'1."Is mom 8:$ to how
~h 1.)£ tbeS1~r take. ~t bit r&$1&~thel~·~;}11n""
811,-.•, '~, ,p~b1_ 1.0Q~11.t-e4 by' tb$(1ff$c.t 'o.t ct. -D"';'
"a"'an4 :any, ,.~ fUltll Which, -1 b$ pw~t.•
,1fabl-eI pr~aent"3aeOn)~Sl1mb.t~ ~~~Sc~
SbttlJ"aand ~he -.~~&l~$'$,'C()_~tMib$' t.~e ,Mt'f~:'&ut
'_.~iir$.~$.bletIG;tv~$a,a!m1,lltr·~l~l$Qfltt'J.~tl:w 4$.•.
t1eC'.tt:_8~ 'If~ '~~ app~tee~\twtlo~.·thod is to
C:f>lu1l14~t:he~sa#Q. b$q.~. ~n O~Q Bfh. ~~. th&~t
~ - , '
or1a~nk _~~tGd; bY~Si$~~ t~O~$.Qt' the ~&
to- 'b&on~ n~~ o£' ti~ be_ =4 tbe ..lwl(JI~~tobe 'the:
~t~ t~t';h~' 'fbe o~t._l _.:116~600 in·::. ~ut&l)l~
,~·,'~t :t~s.l"'$SU1;t.$ !n,. ~d~~~1mat1ettf~'the
&~$a$8-. $1d a.ls<>ff# the '4t1Jt1$ot:lons. ~'VE!1.'l'", dentletl~
ClDputEd bWt:btl:l me~ -.t:U., b$lo••1n-e~,bh$ 46f1·t.il~tlo~ of'
th$,'~t~~ttlre ~..lt;to th&~it-.tn bthti '41a-s~l~ iei '~g1e~t~,.
A1.&0 W$:'~thodof ~~utaJli., "~.,, Mli$t¥~tl!l$ ,atr$$$;s tn
~: ? '
the atqMa18.'l'lOll' ·tt.tetaattn t~~Eh
I~8b$'Cld be aot.ed 1n ~!)1;e: 1, ~-t tb4$tH&#\Q ;,w.~.
t;ak.·en _-e,.,t~. 'O:~' ·tllt~ ~~ 1~t!1J _ '$tteh~b&~ '_aat~4.
!f!1".$:$ ~f) 11ae$.1~Qi8\U4.ny ~ th$ ti)43;Otl of' tb_~oo~~
ont-M $d.$t)~t-lon: 1n.e'ver,+fC$'$t'13., ~~ te.:ble,$~~,~••;
""', &
,
att1.on .is !?ro~bll dU~ to -tleCondall'1 :~e.nt$ 'In tb$t~<J:$.
~tHJU e.»e no~ll'1 co-4si.4Brfj'Q 'fifth ~in1onn6e.t:attt\·'t tlle
Jointsf&Xt e~APUtQ,t1,on PU~O$$&r'. w~t'e:a$ ~;y ~'enot
u$UQ.l1y ~llJ.p1mctl(&e." 111 t:.b1s e~~&tb.e ii1~be~s 'Wre
we1..ued 'tot,he $U$$st ~latE't$$l ~tl t~~bo~,w~r$ conttl\UW$
tr~':h tlm tl'U$$. 1:h~&0 ,se~tl'£~t~'fJtl1ca'il$e b~­
L~gstr"4'$$S. in tehG mem"bs~#, but,ahcr~'ld, no:t~preclab).1at'­
t'$ct- thQ t\1r$e·t$ttr$-$~ea~,'&eelZ)'nd1.J'I.t~t4ang1e$e~b&.~M~
to tM S~~~t pk~$ 011 eml.,. one l:GMwhl-e1'i.r'eSiJ;lt~,lnanee­
eentrle' ~WUeatt<m. 0.1' "~ 10&4 ,on tb~~~;trsnd ~O!lii}eq'U,e.nt
b0n~ a~saett~,
SmCG t~re\VassOlii$bend~ in tM m_~1".. ~$
_a~ :s:tr~$S0:l ma,., no:t.~eC$e.\"J~11Y' G1v~ t}l~ ave:t~e
st~ee8.$a &natal. taetmay ,$,:ecount partl., 1"0l" noma OZ' th$
tiacN~.e.y b,.tW'G~ tns e~t1t~ .e.n@ ~aau~« ~,a"lt$.
:tl'lPRetie~" Q et"f.ll)$ ot th~ typo tested 1& o1't:Gn
·df';$tp~d or.. th~ 4~$umpt1ontbat the- t.Optrt'l5S imkesall tb,a
1:Q.t~~lt~ttap-pl1.edto t'm taD tl~l&$~~ '$OlJill) d'3$~~@rs1'dl1
r.lpl1t th~ load be~~ tbstwQ tN$S~$ tn'th tbetop ~tPUS,$
taking t~gr&atM' ~oporU~1:t, J"lg.,',7:showatl'-At t-he' bottom
twsa 1abie;bl1 at~a$atl du~·t:o altl1ad on th& top ~$.
'Jtl":itlftt'o~Qrle etrln notv,1l'P''i! wel1a$$llms 'tl:w.tttbs· ~op :e.b.ord
~em .81.1 tbs lOQ.4-1~4. tl1.$/t th$ r@$tof th~ e~\1;Q~$
- .!'t'
In :th&S6c';ond ~~thooo:£ ~omptltat:1l0nj tfltel~~ was
3#111t be'~ tootwt>tl?U$~$ 'and ,G&eh t'£"'Uss .a$~ya¢d
Q~ta sepali'4t$ t~$.. T~~tood·of,$q_t1:~ {le·fl~{;t!on$·
'._ '\1800 to&!Jf;(;)~ltu! ,·~~,eh loa~.\1Q$ttak~n 'by (Jaeh ~$$'•
.I:t"! thifJ i:i$tiUod,p. tb.$ tru.4J.,cE)$ '&1"E\laa$~d to b~ pln.'-$n&;oo,~ It
l'sQl.eo ti~~'Odtb£\:t, t~ e~t$r ~tta~$d$~~~ t~atUit$.t'f
th$ '1.e~ ~_ttJG top truss to· the ~.tt~l. ~he dl~~l 1:$'
ent to ob'ta1na a~tlennJ4etem1tu~tes:truetnJ~it)~t\,l,ltf; th~
1ii$~r _1"k~ llX,U 1n:&'"'1g... 2.. Tooa.eneetlQi'1$Q:€_~htr'iA:$$
$_ thfm ~too. lfh~108J.d tAlk$Ii byeac.h t:P~$$ 1.$t~t
"Mea ~ee the 1.iel~t:i.v~li~rloc'ttmlo;ft~(t~t~"'!a.f! ~t the
4iagmBlg$x"oo In tbt.4 et"a~f). thll eo~~ttM ~hot'feti that·
~ tiop trt\#j$ :took 1.5.200 ~b. and tM bo:fttom tWS$ ·a6001b.
cr that1lppl.i.ad~,,,;'700 lb. lattll"al lbliu.'i.. Tb,e$0 t:ie$ult~ ehee~
Q;W~1dl$te1Y!if! the tabl~sa:how. "1'h& m0t~~ l'l.QWfter:.n60g.....
keta the c.Ueet of tl1e :Gl.d$tN$~f.li\lm2tli4~~n()tGl~. ,~..
streatces in the td.ti~ ~flGd1.~t,b"'m1$.
I~ tbe lS{i:t eQl~ot tr~tabl<$a. tbft C~\'tt«t lotW.'6
L-$ eiv~ }fo~ th~ '~s$~lds!'e4$$a&~e t~$.. 'EMS.
Cf~U.tation me-thOa tau$ into aeeount all. ~. ~~l~·.. Two
a~$ur:a.ptl~$ .~·~El_~0 ln th$~a.l:,.~ls.. . O'tl~WQi\ to' ~'P.l:ttth¢:l
·~tlfl;;ot the: ,I~am: mota two p8%'tsand to ~~de~ eneh pa~,
43· One of tih$ elM)rQ$ o.t~ thet.1'UlU!hs$'Con4tly it Q.~$:$wnG4
that ,(li.n!7t'be: '~ eent~· Cro&tJ(l1.~e..~"$ n,rt tl"'t1n.:fec~$l,
loaab$~w~~th0twu3&$$.4t.~h!s a.~on..4i~l>pro::d:_tl(U1 1$
elo$$ ;&!nc~the$,e 41·~onsl$ ,are ~t tb$ l()aded p$l~1 i'01nt$.
~ll00tbe cros$-di~Qtl~$$.~cut,.,the va~tona ~~S$,S ~'
~tatl'0ally4~t:~~na~.fQ~~r!Ii!_ta1_dv'-&1,"!'t!~lQactb,.
rana t~$t~Q$a:~c:an b~ .tou.n6, by thG) ~t.h~ of' dGtl.~et10tltb
.sin~ th$&:t'f"tt~t\U;'e l$1n4e.t$~~~t:$, a4ti!ng more
Q~ to ,~, ~!J'i!,lr dee:m ilOt :iu}ee$tJ~11::f ~du.ee ,th$$t.~e-aa~s
1n th$..t~~bGi'. ~!'.m'~~~,t .-, b~ 'tl1At;. ttle~bG~wl11 'tJa.k~
MO-" l('j~tt .•:t1) tb1s ~Nm~.,tha 't,op ~ho~~,~ t'l'~ ou;t31(i~
.dS$ 11lS4 tw:l~ thea~ o£'t~ bottomehrJt:"ti~ ii, lat$~al
load ():£ l00n~., on 'thetGP~ore,.•,,J;'~$l,lt$b .f1~~~ t'ore~
otw~ lb.:tn '~" t~~iM)rd ~tt Q l~tti.l'-' fOJ;"'eGoi' 1.~21b~
tn t~b~ttQ.lii ""hQ1'd~ Ontb$()~be~ Mn~"" 1t ~ lat~~al1~
of lt101b. l$~pU~ on, t,h"',bOtt'OlJ1 ~hott\. tber'e1;,ae: com"',
puted ~t~ fO~$Q:t:14J.lb, 1.nt-h~ bQtt-Ot..llc~t1d. ..:ad 209
lb., .S-nthe.tQl} (}~rd.;, In ot~.r ~M~, thtl 11~t.l~ th0 l;f)Q'd~
~$;,. th& ~..oil"'$l'olit.\i. ",U1. bEt t~an$f&~ed ~, 1:b$ ndjAe~~
~1J$&~~ In tb,$ ()Q$$f)f 'tht) c~Qtle· t.doo~ 'the e~~te.tlona:
tn&ri~tb,$ tlllltt 'lC tl'w top~dbottC'~tru$~W$~~li~~~1J'
st~# t-~ muL~ l~d in the chor~ ~O\J,.1d ba l~ss. ~.
~$\l'6& ~4."em~ or a 't~4en.e'Yt'O tak~ ,'aa $.qQ:al.pO~­
tiQl\ctthe load, an4 tb._~ w(J'U;ld 'bo ,l$~'$ tw1$t.$nth~ ~~;.
, '.
~I
·,'!'\'.. fj
Flg;.7 ~~,a$1~6ht and ~n:t itt tbe t~3.S'..,
~.u~N$S ~ewronwnts itt the and. t1:e sbOweti t~t ·'teh!'$: ,~
mt.Jmmt fi11.ttal;)cut~&J'lt'1 p~:lr ct:int of tb$ t"d111·t1.1ted~d
-mm1teuf}0' Since the tW-&£I r..:t.s 1fo1!Ystlf!' 'C~~rr3d ~til the
~dt1.~the~'!M1t PO:S1tlbla .~l4fU1.tY'fib:1cb c:~ be,.
d~v4jloped at' -tb.er&we~ no $,Up in ~ joint-. '.s. ftQ;Vty....
J!1g. ,3 ~11)$':~ thelat-eF41. aef1~(};tl00 or t_ e~..
1;$;' th~ lat~l de.tleet,1ot1shGWtt b(i;~ ,liS ~~d_:teh ~t~t
Clf'~. bu glrt1ar' ~1'"al,'\e4l pr()rt,ooel:rtest-edill,,. .W1iitt~~$tg
to ta'k'$ tn.to aec~t tb.e tU..t.tG'1'len¢$' .!;n, ~apaC!fty nn<i $pau" .
It. lal:'l~M t.bQt thet;rtt$.c:~ne'1$ ful~ &'$ ~H;ltt.S~etlJld"
17, ~ne n<J.,5U?9haas-o 1ittltllrd.'t~W ~tl. ttnt1; ItwUl
1;'I$tf~,Ql.mo$ta,s stiff .h~ the f)n(j .t1~,~ :lO()!t~ ln$~Wlc(t".
Th1bl ,~ be8&Gn by loti~S $'t t~1evattt~tl t~l"t~ f!le.:f1.e.c-~""
len fo'l! ~t!Qil f:lXit;F ~B T1-0 t!$1 t:y in ?$blra II. ~h$ b~
g1!!&U~3 pttev'lot.wl,. tet!rtedhi),da, ~~hb1f!;hewEln4flntif '~6
lliJOltleJiltrig -of th$~,d' tl'O ecm:neetton wmtUl ln~t!'~e,$~ ·th~ l$it'....
~ d$.fl:e¢,tlM It'$i:rkea:).,'..
!'~ ~.~t! d(}ne~tlcn.sa~ Ion l¥lg~, 3 .a.~~ lEe~'~l
tb.mtith0e~t$4(i$n'&ctlQn.$ elv.5n s.nfaIJl(i' 1lt ~$la
. .
mo$~];1kfJlydue to the ftlCttbat- :t-hetJ.~ut&t1_8~. :made
Q11th&oo.4\ls of pf.n~ldetitmeetlonaand th&W'eld$4 J-('j,1nt~
'WOllltl stlf'£&;Q the trttS8~5~1'1tn3j 'the _u.....,.. ~ay M~il
badaome $:ttf'.fening ~$ct.:t pa~t1~lar1y .{'Ift to. tower ~~~
~~~,- ... -,~-,.~.~~~.~:~~~~~~.,.~.~ ..~.~~.- ..
4i ~1!:SAt L~ ~f~~S ·on U.oXGIlIDB.B !flf"L CJiA!:4rJ)·· t .•S..~i'S.4~~
l.t the t'WlstofthBe1"$ne lj~. 1» 1'lg.411s e~'
;pa~ed etlth the twiatsQf' 1;he box.G1.~elW~ P~jj)~Oll1'51::f' tEItft:oo.,
Itwould a}i)90tl\l" thfitt_ box' gl~e:r$ haV'~ more~~fJlat~ee
to t'Wl$t1~.,
t'he e;b&vGl eor~M1EiOO5" !1owewr,my not be (n,~ly
'$:1~'1i1tlcant$g,n¢-e i,t 'if) verytiltf1.tft.llt ltl Q eoti1pa~.{t~og
1';~n~3o;ftlt,ff'&rent etl.PJl.!3.cl'tl~8 ~Q: ,r:rl)S,f,1$ toa.~Q;wan.1d0rt~
intt:0 ~Gneltt!'li1.,QrA$.
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